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| ntroduction

Problems of lattice fermion

« Species doubling
 Deviation of the propagator

Staggered, SLAC, Wilson, Kaplan, and Overlap.
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pecies doubling

 Deviation of the propagator
This talk
« Lanczos factor

« Ultralocal hopping interactions

Hybrid of Wilson and SLAC approaches
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Momentum-space rep. on alattice
Continuum theory for (1+1)-d Dirac spinor

H = —Z/dZEw’}/l@lw



Momentum-space rep. on alattice
Continuum theory for (1+1)-d Dirac spinor

H = —Z/dZEw’}/l@lw
Momentum-space rep. on a lattice

Al 27l

H= Y pl'G pm=55

N
|=—N/2+1

Discrete Fourier trans. 1, = ﬁ > ei2min/N ¢,
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What Is the real-space rep of p?

Consider a function

M
2(—1 a—1 .
s(p) = Z ( &) sin(ap)
a=1
In the limit M — oo
p= lim s(p)

Periodicity of 27 — Doubler at |p| = .



Energy of one-particle state ‘

P . continuum p
. Yellow: s(p) with M =5

‘‘‘‘
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Energy of one-particle state

......

. continuum p
Yellow: s(p) with M =5

In addition to usual
doubler at the
momentum boundary
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Energy of one-particle state ‘

. continuum p
Yellow: s(p) with M =5

Truncation with a finite M
causes oscillation
around the correct result.
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Two types of doublers

 Jump at the boundary |p| =«

 Oscillation (Gibbs phenomenon)



Two types of doublers

 Jump at the boundary |p| =«

 Oscillation (Gibbs phenomenon)

Modify the coefficients

s(p) =) 2(_2a—1 sin(ap)

M+1 T
Lanczos factor: = sin

T M +1
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Energy of one-particle state ‘

-~ Before P . continuum p
. : i Yellow: s(p) with M =5

i The Lanczos factor
P : removes the oscillation.
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Energy of one-particle state ‘

After . . continuum p
: ' Yellow: s(p) with M =5

I Heennin - The Lanczos factor
' ' | removes the oscillation.
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Removal of the doubler at [p| = =

Momentum-space Hamiltonian (s; = s(p;))

_NC A sV
(v )

lattice with hopping interactions 8/16



Removal of the doubler at [p| = =

Momentum-space Hamiltonian (s; = s(p;))
H=Y"¢ 7 V) ¢
l / 0 —S] l
Introduce Interactions to remove the doubler

Hzl:d(& Sl)(z
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Wilson-like interactions ¢;

Diagonalization of H

Vst +q 0 /
N

Use ¢; to remove the doubler.

M
=5 + Z C, cos(ap)

a=1

c(p)

where ¢; = ¢(p).
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Energy squared vs momentum

10 T T T | T T .]
. continuum p?
Green: s*(p)
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10 =

Energy squared vs momentum
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J

. continuum p?
Green: s*(p)

> Raise the hemlines
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Energy squared vs momentum

10‘- T T . T T .]
. continuum p?

Green: s*(p)
P B - (p)
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Energy squared vs momentum n

N .
: continuum p?

Green: s*(p)

E” [ o | Yellow: Green+

A b S, Yellow is almost p?.
' ) " The doubler removed.
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Energy vs momentum

. continuum =+p
Green: +s(p)
Yellow: ++/s%(p) + c2(p)
Good agreement
except for a small
deviation at |p| = 2.3.
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Chiral charge Qs

In the new basis, v5 becomes

/ s; + ki ( S| —Cy

75 = le + sikp \ —¢ —s

for[ > 0

i ol B TR
’y p—
. le — Sl/ﬂ Cl —S5]

for I < 0, and v = 5 for [ = 0.

)
)
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Chiral property

N =40, M =5

0.5 1 15 2 2.5 3

P

> (V511
Green: — (7&)1,2

[H7Q5] ~ 0

Approximate chiral
sym. at low energy.
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Real-space Hamiltonian

Real-space representation for gauge theory

H Z { Z {ZS wn—l—oﬂ/ % Q;nfylwn—l—a)

a=1

_ _ C
‘I'Coz(wn—l—awn + %%m)} + < O> %%}

Take care of doubler of each direction
to extend the method to higher dimensions.



Euclidean action

For Monte-Carlo analysis

SE — Z {QCL > > { wn/}/,uwn—l—oz,u Q;n—l—ozﬂ/}/,uwn)

a=1 p=1

‘I'Oa (&nwn—l—aﬂ + wn—l—aﬂwn)} + <m + %) %%}

The continuum limit a — 0 Is taken
with the parameter M fixed.
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Conclusion

Explicit breaking of chiral symmetry has been
compressed to high energy with the
and

« Chiral symmetry with small M
« Good agreement with the continuum
« Systematic improvement with M

Check if gauge fields affect chiral properties.
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